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SOIL. CONSERVATION SERVICE METHOD

ESTIMATING RUNOFF FROM URBAN AREAS

Introduction N

Effective rainfall s that portion of precipitation that produces direct runoff,
which is water that enters the stream channels during a storm or soon after and forms a
runoff hydrograph. Losses or abstractions are that portion of precipitation that does not
contribute to direct runoff. Losses occurring on urban watersheds are similar to those
occurring on natural watersheds. The amount of runoff from a storm event largely
depends on detention, infiitration, evapotranspiration, etc., and is related to soil type,
type of vegetation, and amount of tmpervious cover.

With proper modifications and assumptions, the soil-cover-complex method
described in Publication NEH-4 can be used to estimate runoff from urban areas. The
vartables used in this method apply to runoff from both agricultural and urban
watersheds. A combination of a hydrologic sofl group (sofl) and a land use and treatment
class (cover) is used to determine the hydrologic soil-cover complex. The effect of the
hydrologic sofi-cover compiex on the amount of rainfaill that runs off that runs off is
represented by a runoff curve number, referred to as CN. Chapters 7, 8, 9, and 10 of NEH-
4 discuss the development of soll-cover complexes including solls, cover, treatment
practices for agricultural areas, and resuiting runoff.

In an urban watershed, the cover usually consists of both pervious and impervious
surfaces. impervious surfaces, such as roofs, streets, sidewalks, driveways,; and parking
lots, have some {nitial abstraction before runoff occurs, However, during an intense part
of a storm event, nearly 100 percent of the rainfall may run off. Both infttal abstraction
and Infiltration should be considered for pervious surfaces such as tawns, parks, and

playing fields.

Runoff Equation

Figure | shows schematic curves of accumulated storm rainfall P, runoff Q, and
infiltration plus initial abstraction (F + Ig). For convenience in estimating runoff, inftial
abstraction includes all the storm rainfall occurring before surface runoff starts.




Ef f nizatio

Initial abstraction consists of interception, infiltratton, and depression storage
that must be satisfied before runoff begins. Urban initial abstraction has been found to
be correlated with slope of the impervious area. However, because of the limited scope
of the research data available, no attempt has been made to revise the basic runoff

equation to apply exclusively to urban area.

investigations have also shown that runoff from small (less than annual) rainfall
events comes primarily from the impervious areas. However, both the pervious and
impervious areas contribute to runoff for the larger, less frequent events. if the
pervious portion of an urban area has a CN of 60 to 65, approximately 2 inches of rainfall
is needed before runoff begins, Most 24-hour rainfall values used in computing peak
rates of flow are over 2 inches. Therefore, for urban analysis the total watershed area
can be assumed to contribute to storm runoff.

Urban Runoff Curye Numbers

Several factors should be considered when computing the antlcipated future CN for
urban areas. The amount of runoff can vary depending on whether house gutters connect
directly to storm drains, outlet onto impervious driveways, or outlet onto lawns or other
pervious areas where infittration can occur. General building practices or codes within a
development may be helpful in determining runoff flow paths. Some areas have zoning
ordinances on how storm runoff from individual houses must be handled.

in determining urban CN's, consideration should be given to whether heavy
equipment compacted the soil significantly more than natural conditions, whether much
of the pervious area is barren with 1ittle sod established, and whether grading has mixed
the surface and subsurface sofls causing a completely different hydrologic condition,

Any one of the above could cause a soit normally in hydrologic group A or B to be
classified in group B or C, respectively. Inmany areas of the country, lawns are heavily
Irrigated. This may significantly increase the moisture content in the soll over that
under natural rainfall conditions,

Table 2 gives CN's for agricultural, suburban, and urban land use-classifications.
The suburban and urban CN's are based on typical land use relationships that exist in
some areas. They should only be used when it has been determined that the area under
study meets the criteria for which these CN's were developed.
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Figure 1. Schematic curves of accumulated rainfall (P), runoff
(Q), and infiltration plus initfal abstraction (F + I5) showing the
relation expressed by equation 2-5.

F .
Assume S ™ Py Equation |

where F is the infiltration occurring after runoff begins in inches, S is the potential
abstraction in inches, Q is the actual direct runoff in inches, and Pg is the potential
runoff or effective storm runoff (storm rainfall minus the initial abstraction? in inches.

with F = Pg - Q, equation 1 can be written as:

B Pez _
Q = Py + 5 Equation 2




The tnitial abstraction (13} in inches, estimated from an empirical relation based on data
from small watersheds, is

fg = 0.25 Eguation 3

Thus Pe = P-i3 = P-025 Equationd

where P is the total storm rainfaqll in inches. Substituting equation 4 in equation 2,
A = E%:;%%%): Equation 5

Potential abstraction S is related to the soil and cover conditions of a watershed. The
runoff curve number, which is also related to soil and cover conditions, is reiated to
potential abstraction S by

1000 .
CN = S+ 10 Equation &
A 10
fromwhich =~ S = igoﬂlo Equation 7

The solution to equation 5 is shown in table | for a range of CN's and total rainfall
amounts.

Table 1. Runoff depth in inches for selected CN's and rainfall amounts.

Rainfall Curve Number (CN)L/
{inches)} -

60 65 10 T5 8o 85 90 95 98
1.0 . 0 0 0 003 0.08 0.7 0.32 .56 .19
1.2 0 0- 0,03 0.07 0.15 06.28 o.h6 .Th .99
1.l 0 0.02 0.06 0.13 0.2h 0.39 0.61 92 1,18
1.6 0.01L ©0.05 0.11 o0.20 0.3% o0.52 0.76 1.11 1.38
1.8 0.03 0.09 0.17 0.29 o.kk 0.65 ©0.93 1.29 1.58
2.0 0.06 0.1% o.24 ©.38 0.5 0.80 1.09 .48 1.77
2.5 0.17 0.30 0.4 0.65 0.8 1,18 1.53 1.96 2.27
3.0 0.33 0.51 0.72 0.96 1,25 1.59 1.98 2.h5 2.78
k.0 0.76 1.03 1.33 1.67 2.04 2,46 2.92 3.43  3.77
5.0 .36 1.65 =2.08 2.5 2.80 3.37 3.88 hl2 k4. .76
6.0 1,92 2.35 2.80 3.28 3.78 4.31 4.8 5.k  5.76
7.0 2,60 3,10 3.62 4,15 bL.69 5.26 5.82 6.4 6.76
8,0 3.33  3.90 4.4 5,00 s5.62 6.22 6,81 7T.ka 7,76
9.0 koo 472 5.3 5,95 6,57 T7.19 T.79 B.ho  8.76
10.0 k.oo s5.57 6.23 6.88 T.52 B.16 B8.78 9.0 9.76
11.0 5.f2 6.4 .13 7,82 8.8 9.1k 9.77 10.39 10.76
12,0 6.56  7.32 .8.05 8.76 9.45 10.12 10.96 1L.39 11.76

5/rTo obtain runoff depths for CH's and other rainfall amounts not
shown in this table, use an arithoetic interpolation.




fable ' 2.--Runoff curve numbers for salected agricultural, suburban, and
urban land use. (Antecedent moisture condition II, and I, = 0.25)

HYDROLOGIC SOIL GROUP
A B c D

LAND USE DESCRIPTION

Cultivated landllz without conservatfon treataent a T2 81 88 91
: with conservation treatment ' 62 (3 78 81

Pasture or range land: poor conditlon € | 19 | 86 8y
good condition ) 39 | 6L 3 Th | B8O

Maadow: good condition 30 s8 T 78
Wood or Forest land: thin stand, poor cover, no =ulch k5 66 1 83
good covert! 25 55 T0 17

Open Speces,-lawns, parks, golf courses, cenateriss, ete,

good condition: grass cover on 5% or mors of the sree 39 63, ™ 8o
fair condition: grass cover on 50% to 75% of the srea Lo 69 19 8L
Commercial and business arens {(85% impervious} 89 92 o4 95
Industrial aietricts {72% Lmpervicus). 81§ 83 91 93

Nesidential: 2/

Aversgs lot size Average X Impervicu33/
1/8 scre or less 65 7T 83 90 92
1/h acre 38 61 ) 715 | 83 | 87
/3 acre 30 57 T2 81 86
1/2 acre 25 54 T0 8o 85
1 ncre 20 ' 51 68 19 8k
Paved parking lots, roofs, drivevsys, ote 3 98 98 98 %8
Streets and roads:
paved with curbs and storm severst/ 98 | 98 | 9B | 98
gravel 76 85 89 91
dirt T2 82 87 8o

i/ For & more detmiled deseription of sgricultural land use curve nuxbers refer to
Nationsl Fngineering Handbook, Section U, Hydrology, Chapter 9, Aug. 1972,

2/ Good cover is protected from grazing end litter snd brush cover soil,

3/ Curve mumbers are computed sssucipg the runoff fron the house and drivevay
. 13 directed tovards the strest with & mininum of roof water directed to lavns
vwhere additfonal Infiltration could occur.

*/ Me remaining pervicus areas {lavn} are considered to be in good paature conditlon
for these curve numbers. .

s/ In some warmer climates of the country s eurve nunber of $5 may be used,




2-6

COMPQSITE RUNOFF CURVE MER

100

]
0 - LS
e b ) o
ER\’IC'USC :‘fa—rd » - w"‘? L]
MBS ot i e e I ler
- }?{qiobs %) ol = .
per==t 3 t )
80 ’Agﬁ i 9%, T
R o2 B
171 A= I
T '\116). - A
- Qﬁ?' =i
| ) L1 0% (}\"
1 o 240
60 P = 3‘?}\‘1'/;
= -t
. ol Py
vl
40
0 20 490 60 80 100

" PERCENT IMPERVIOUS

Figure 2. Percentage of impervious areas vs. composite CN's for given pervious area CN's.

There will be areas to which the values in table 2 do not apply. The percentage of
impervious area for the various types of residential areas or the land use condition for
the previous portions may vary from the conditions assumed in table 2. A curve for each
pervious CN can be developed to determine the composite CN for any density of
impervious area. Figure 2 has been developed assuming a CN of 98 for the impervious .
area, The curves in figure 2 can help in estimating the increase in runoff as more and
more land within a given area is covered with impervious material.




There are a number of methods available for computing the percentage of
impervious area in a watershed. Some methods include using U.S. Geological Survey
topographic maps, 1and use maps, aerfal photographs, and field reconnaissance. Care
must be exercised when using methods based on such parameters as population density,
street density, and age of the development as a means of determining the percentage of
impervious area, The available data on runoff from urban areas are not yet sufficient to
validate widespread use of these methods.

Example |
compute the runoff from S Inches of raipfall for a 1,000-acre watershed {o be

converted to a suburban development. All the sofls are in hydrologic sefl group C. The
proposed land use is 50 percent detached houses with lot size 1/4 acre; 10 percent
townhouses with lot size 1/8 acre: 25 percent streets with curbs and gutters, schools,
parking lots, plazas; and 15 percent open space, parks, schoolyards, etc., with good grass
cover.

1, Compute ’the welghted runoff curve number.

Table 2
curve
Land Use Percent nuraber Product
Detached houses with lot size 1/4 acre 50 83 4,150
Townhouses with lot size 1/8 acre 10 90 900
Streets with curbs, plaza, etc. 25 98 2,450
Open space, parks, etc. A5 74 1,110
100 8,610

Thus weighted CN = -8]%%9 = 86

2. From table | using CN = 86 and P = 5, interpolate to read Q = 3.47 inches.




Example. 2
Compute the runoff from 6.3 inches of rainfall for a 1,000-acre watershed £o be

converted £to a suburban development, The soils are in hydrologic sotl group B. Forty
percent of the development s impervious with all impervious areas connected; 60
percent 15 pervious and considered to be in good grass cover.

. From table 2 read pervious CN = 61,

2. From figure 2 read CN = 76,

3. From table | using CN = 76 and P = 6.3 interpolate to read Q = 3.64 inches.

| .

Compute the runoff curve number for a |,000-acre watershed. The hydrologic soll
group is 50 percent B and 50 percent C interspersed throughout the watershed. The land
use 1is: :

40 percent residential area that ts 30 percent Impervious

12 percent residential area that is 65 percent impervious

8 percent paved roads with open dltches

10 percent paved roads with curbs and storm sewers

16 percent open land with 50 percent fair cover and S0 percent good cover

1 4 percent parking lots, plazas, schools, etc. (all impervious)

Using table 2 and figure 2, display the data given and compute the runoff curve number.
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FIGURE S-4 RUNOFF CURVE HUMBERS FOR HYDROLOCIC SOTL-COVER COMPLEXES
(Antecedent moisture condition I1, and I, - 0.2 )

Cover .
Land use Treatment Hydrologic
“or practice condition Hydrologic soil group
A B C b
Fallow Straight row e 17 86 91 94
Row'crops-gl " Poor 72 81 838 91
Lo Good 67 78 85 89
Contoured Poor 70 79 84 88
" Good 65 75 82 86
"and terraced Foor 66 74 80 82
ron " Good 62 71 78 Bl
Small 3/ " Strafght row Poor 65 - 76 84 88
graln Good h3 75 83 87
Contoured Poor - K3 - 74 82 85
Good . bl 73 . 81 84
"and terraced Poor 61 72 79 82
‘ Good .59 - 70 -78 ‘81
Close-sceded ‘Strolght row Poor 66’ 77 85 89
legumes 1/ " " Gootd 58 72 8i 85
or Contoured . lPoor 64" 15 B3 85
rotation i " Good 55 69 78 83
meadow . "and terraced Poor 63 - 73 " 80 43
C - "and terraced Good " 51 67 76 . -80
Pasture - o ; “Poor - _ 68 79 86 89
- or raape : - Falr . . 49 A9 79 84
o - .. Good 314 6l 74 20
Contoured Poor 47 67 81 88-
"  Fair 25 59 75 83
" ‘ Good 6 35 70 79
Meadow . | - Cood - 30 58 7L - 78
Woods (Isolatea gréves on Poor 45 66 77 83
fFarms & ranches) _ Fair 36. 60 71 19
. Gaod 25 95 70 17
Farmsteads . , —— 59 74 82 86
Roads (dirt) 2/ e 72 82, 87 89
(hard surface) g/‘ - S 74 84 40 92

" 1/ Close-drilled or broadcast
2/ Including right-of-way _
3/ Do not 'use adjustments for contonrcd. or terraced treatments with
" storm frequencies greater than 16 years.
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. Computation of Tc Using Travel Time

o Length of Segment (1L1)

Velocity Through Segment (Vi)
Li=Pr.. Vi=Ft/Sec.

L1+ La+lz+ .o lnxl
Vi V2 Vv, Vo 3600

’” ? 77

i

Basin

1

= gooo,@,y.o% Vi

Design Polnt _________/______

= 3.2 . Type =

= Hre, .

1.
x TIE00 = 299 __HR.

7 /i
Basin . 2

L1 (245) A NAT SHW.
12 (250-50%) = 4os0'@ sy v2 = 24 Tyve = _NAT. 5K
- L3 ‘(50_-;’,-?.5%5 = ¢0QQ'£ /f% V3= /9 Type = _NAZ.SK.
LU (755-100%) =g 000" @ L0% Vi = /-6 Type = pNaT.sM..
Ls (. ) =_ vs= ____ Type =

(. )= V6 = Type =

y, 000 Y, 000 Y, 000 4,000
Te = 3.2 o2y f 29 "t 6 +

‘Deslgn Poir'\t. 2.

4 s
X _7ﬂqﬂ§ = (24 Z/ HR.

L (249) =ANASREsY 1 = fo  Type = _MAZ.SW:
12 (?._r,_z-so-,z)' - 2,/5°038% v - .o | Type = wATS0.
L3 (50%-75%) =gﬁ5’_’@__1;?% V3 =£_{__ . Type = NMAT.SA.
Lh (757%-100%) =,15_/,2$"8/-ﬁ7£ Vi = _{___/___ : Type = NAZ.SH.
Lo ( ) = Ve = Type = | '

6 | )= vh = - Type =
F 2,728 2,/24 2, /25 27285
'I‘c='4/_o + 3.0 + 2.7 T 2.7 + +
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Computation of Tc Using Travel Time

-L1+ L?"'.E:—!"' ...Exl

x o6 =_2:53 g

& 27

B8asin . C

- Ly

12

L3
.

L%
L6

Teo

/0- 5"0%) = ,000‘@.2-8% Vi

Design Point.

Tc o letogth of Segment (L1) e Ir
Veloclty Through Segment (Vi) v vy V3. ¥a 3600 s
Li=Yt, VieFt/Sec. '

~ Y
J_ Basin /?f,é? Design Point A
L1 (25.0) = 4,000 L Yy o v = 32 Type "# WQISM —
12 (259-507) =gppa® g.;fg ve = 2.4 Type = NRTSY. .
[3 (5039-25%) =g pp0@ /5% V) = /3 Type = NALSM. .-
L (753-1001) =g ogl@ /005 i = 1.6 Type = NRATSN. .
Ls (7 ) =LY € 0.8% N5 = |5~ Type = NAZSK.
L6 ( ) = C V6 = Type -=
4000 4 000 & 000 44,000 ,?,(/ao' '
Te= 3.2 + 2.4 + r9tY 6t s F

R S

Yy v g
1
x 3600 . =_C 43 4R,

= 44 Type = NALSK--
(S0~100%) < 2a0'® (3% v2 = 1.8 vypo = ymzisk.
= V= __ . Type = '
= vh = Type =
( ). = Vi = Typa =
( ) = Ve o= Type =
- Ro00 2,006
= + + +
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Computation of Tc Using Travel Time

3

« Langth of Segment {Li)

i

1+ L2+Li+...lax]

Lt (a.. 3% %)

. ,132&1£5;§'

¢

Valocity Through Segment (V1) Vi Vi Vy Va _W * "_'" K
Li=Pr. VisFt/Sec. ) '
2" ’ '
5~ Basin 22 . Design Point &
L1 (0—33"5%_) =?;333,@{-%’U1 = ‘3.3 Typer - ﬁ[}fﬂﬁ
13 (643 -100%) =2333°@28% vy = 4.4 Type = NRTSW. .
L4 = vh = l‘rlype x:
L5 ( ) = Vs = Type =
b ) = V6 = . Type =
: 2,333 2,353 2,333 S
e = 7.9 + T 2.6+ .6+ + +
. .
X i‘Z,ij“ i 00 éé HR.
6 masin £ Desigh Point 3~

Type = " NRTSA

Vi =

12 [33%-{5XX)= !262‘93-5’% V2 = J.0O - TYPo = ;4’,97:54/..
I.B(Ké%-/oo%) = ;f‘z;atz-g% VY = ,?.g Type = ﬂﬂ:' 5:!{. B
R = vh = Type m
LG { ) = I Type *
6 (. y = V6 = : Type =

2,26 2,286 2,264
Te = 3‘.; + 2.0 + 2.6 + + +

. 1. ’
x 6 = _C.62& g




AR S

I

t,
14 2,

~ SPRING
ARG

N

\

i

7
(S ) T
i : ?
=N }) N
J ; 1
MmN ././-4 s
N iy ,?U-"f?i

NO4A ATLAS 2, Volume N

Prepacsd by 11 S Diperiment of Commercs
Hetlond O¢ sanic aod Ao phadic Adeniniviration
Hatiocas Westher Jarvics, Office of Hydroloyy

Properad bor U 4 Depsctaant of Agricuivre,
Lok Consbrvation Sacvics, Drgloneeing Divishon

| |

"7 COLORADD ¢
$

LIRS
\‘,;}.'.'.'. Sy

L] > . .
) eutmo
y »

106 . S

YO !
SUBJECT PROPERT
. - .

Thaa

h4

mn‘.v{ .




Figure S-1 Poak Discharge in
csm Per inch of Runoff
Varsus
Time of Concentration, Te¢
Type 1l Storm Disfribullon
Type [1-A Storm Distribution
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Tahle 2-1,--Runoff deplh In inches for seleatied CN'a and rainfall amounts

Rainfpll Curva Kumber (CN)L/
{Lnches) : -

L 60" 65 15 80 85 90 95 . 98.
1.0 0 0 0 0031 0.08 017 0.32 56 .79
1.2 o 0 . 003 0,07 0.15 0.280 o,h6 T4 . .99
1,4 0 0.07  0.06 0,13 0.2k -0.39 0.6) 92 1,18
1.6 0.01  0.05 0.11 0.20 -0:3k 0.52 0,76 1,11 1,38
1.8 0.03 0.09 0,17 0.29 0.44% 0,65 0.93 1.29 1,58
2.0 ©0.06 0.b 0.2h 0,38 0.5 0.80 1.09 1.4 1,77
2.5 . 0.17 0,30 0."6 0.65 0.89 lcla 1-53 1096 2127
3.0 0,33 0.5 0.72 0,96 1.25 1.59 1,98 2.k5. 2,78
.o 0.76 . 1,03 1,33 1.h7T 2,06 2,46 2,92 13,43 3,17
5.0 1.30 1,65 2.0h 2,45 2,80 3,37 . 3.88 L.42 k,16
6.0 21920 2,35 280 328 3,18 b, 4,85 s,kL 5,16
1.0 - 2,60 3,10 3.62 4.5 4,69 5,26 5,82 6,41 6,76
8.0 - 3433 3,90 Wy S0 5,620 6,22 6.A1 T.WO  T.76
9.0 .halo hn?g 5-3“ [;uqu 6t57 7-19 7079 ﬁ-hO . 8.76

10,0 .90  5.57 ° 6,23 6.88 7.52 8,16 B.18 9,40 9,76
11.0 .72 6A 713 .02 B8 9h 9.77° 10.39 10,76
12.0 6.56 7.32 .0.05 H.16 9,45 10.12 10.76 11.39 11.76

4/ Tp obtatn runoff deptha for CH's and other ralnfall smounts not
shovn in this table, une an aritheetic Interpolation.
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Hydrologic soii group

Land use B C
Pct. _CN  Product Pt CN__ Product
Residential (30 pct. impervious) 20 72 1,440 20 81 1,620
Residentlal (65 pct. impervious) 6 85 510 6 90 540
Roads with open ditches 4 89 356 4 92 368
Roads with curbs and sewers > 98 490 5 08 490
Open land:
Fair cover 4 69 276 4 79 J16
Good cover 4 o 244 4 74 296
Parking lots, plazas, etc. 2 98 686 7 98 686
50 - 4,002 S0 4,316
Thus welghted O = 220510 L g5 1 use 63)

A 175-acre watershed s 30 percent agricultural and 70 percent urban land. The
agricultural area is 40 percent cultivated land with conservation treatment, 35 percent
meadow 1n good condition, and 25 percent forest land with good cover. The urban area is
residential: 60 percent is 1/3-acre lots, 25 percent is 1/4-acre lots, and 15 percent is
streels and roads with curbs and storm sewers. The entire watershed is in B hydrologic
sofl group.

Display the data given and compute the weighted composite runoff curve number ustng
curve numbers for the given land use in table 2.

L.and yse Acres Curve Number Product

Agricultural; (52)

~ Cultivated land (conservation 21 71 1,491
treatment)
Meadow (good cover) I8 58 1,044
Forest (good cover) I3 25 715

Urban; (123)

' 1/3-acre lots 74 72 5,328
1/4-acre lots 31 ; 75 2,325
streets and roads with curbs
and storm sewers 18 98 1,764

175 12,667

Thus Weighted CN = 12667 = 72.4 (use 72)

175




GENERAL EXAMPLE




VICINITY & OVERALL BASIN MAPS
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HYDROLOGIC DESIGN DATA SHEET

8 C 8§ METHOD: PART 1
LOCATION DATA
Subdivision Name . Tract No.
Location: Section Township Range
Drainage Area Identification
DESIGN DATA
Length of Drainage Area Miles
Area of Drainage Area Square Miles
Average Width of Drainage Area Feet
Elevation
Top of Drainage Area Feet
- At Subdivision Feet
Differential Feet
Average Slope of Drainage Area %
Average Width of Drainage Area Feet
Width Factor We
Vegetative Cover Type
Vegetative Cover Density %
‘So0il Group
Precipitation
P = 6 Hour = Inches
- P = 24 Hour = Inches
|
( ESTIGN COMPUTATIONS
Precipitation P = 1 Hour = Inches
Curve No.
Runoff Q = Inches
Time of Concentration Tc = Hours
Time of Peak Tp = (Tc)y(Wg) Hours
Peak Discharge Qp = ;34 AQ _
= cfs

Date

Computed by




EXAMPLE

ARIZONA HIGHWAY DEPARTMENT L0042

BRIDGE DIVISION
HYDROLOGIC DESIGN DATA SHEET

SCSMETHOD: PART I

LOCATION DATA;
PROJECT Ees7d LY Kesog7s
CITY, COUNTY ru e AMowrtv'e
BASIN DESCRIPTION - !

DESIGN DATA:

Design Frequency ' /00 yeairs
Drainage Area - 2.3t gquare miles
Drainage Length 25 o0 feet
Elevation .
Top of Drainage Area 1 8o feet
) At Structure ' S50 _ feet
Drainage Area Slope 3= %
Drainage Width L2800 — e foet
Width 1’;;..(:to:"’k’uff . 0. 89 ) '
Vegetative Caver Type o Qeand B!
. Vegetative Cover Density 1= 20 %
Soil Group B
Precipitation” '
P = 6 hour = _ 3.24 inches(FIGURE 1)
- P = 24 hour = : oz inches(FIGURE 1)
DESIGN COMPUTATION: .
Precipitation P=1heur = Xk inches(FIGURE 1)
Curve Number g3 17 : -
- Runoff Q= - 1.0 1.47inches(FIGURE 2-4)
-Time of Concentration Tc Bg hours (FIGURE 2-5)
Time of Peak C Tp=e)(Wey 2t hours .
Peak Discharge Qp=44AQ= ¢£Y 2T «ip
: Tp - 3
= 653 cfs

Computed by' M ‘ - Date




ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

( ' HYDROLOGIC DESIGN DATA SHEET

SC S METHOD: PART 1

LOCATION DATA:

SPyx.

PROJECT Ercsrg RV Lesuct”
CITY, COUNTY IANNII ML
BASIN DESCRIPTION
DESIGN DATA:
Deunign Frequency A0 yecars
Drainage Area 2 L square miles
Drainage Length 22 T feect :
Elevatioa ’ L '
Top of Drainage Area 14 RO feet
At Structure - ' Gy {eet
Drainage Area Slope 2.3 %
Drainage Width C ) - Tryg0 fect
Width factor W{ _BY ‘
"Vegetative Cover Type Qeavd Bipt
q . Vegetative Cover Density O-7n %
( ) Soil Grdup ' S
' Precipitation :
P =6 hour = 230, inchesCFIGURE 1)
P = 24 hour = - 3.55 inchea(FIGURE 1)
DESIGN COMPUTATION: : R
Precipitation "P=z=lhour=s 9,99 inchea(FIGURE 1)
Curve Number ) 33 ) : .
Runoff Q= 89 inchesCFIGURE Z-4) |
Time of Concentration Tc 18 hours (FIGURE 2-5)
Time of Peak © Tp= (I'c)(Wf). hours d

i’eak Discharge

Qp=44AQ= 42/ AUV .80

Tp -

AT

1396

cfs

Date

Computed by %




ARIZONA HIGHWAY DEPARTMENT ' /é;%-
BRIDGE DIVISION °

( HYDROLOGIC DESIGN DATA SHEET

§C 5 METHOD: PART 1

LOCATION DATA:

PROJECT Erra-. LV Kesikr
CITY, COUNTY . rine Rt Modae
BASIN DESCRIPTION .
DESIGN DATA:
Design Frequency SO ycars
' Drainage ‘Arca 2.2 .8quare miles
Drainage Length PR o0 feet
Elevation o .
Top of Drainage Area S RO feet
At Structure ’ 5 “feet
Drainage Area Slope 83 <%

* Drainage Width

‘,25/5.0-—-53’99,)' feat

Width factor W 2. 555
: Vegetative Cover Type DESEe S A2 ah
o Vegetative Cover Density /i — 7 A
;\(! Soil Group Pt '
Precipitation ¢
P=6hour= __P.ou incheaCFIGURE 1)
P = 24 hour = 2.7 inches(FIGURE 1)

DESIGN COMPUTATION;
Precipitation

P=lhour= //Zp

inches(FIGURE 1)

Curve Number § 23 .

Runoff Q= Pt inches(FIGURE 2= 4)
Time of Concentration Te B¢ hours (gIGURE 2-5
Time of Peak Tp = {Tc)(Wr) R . hours ’

Peak Discharge

Qp=8A480= Y24 Uy of

L]

I‘1 3

613 cfs

Date

Computed by %




CO-ER-3 "(Rev. 3/80)

U.S. Department of Agriculture
For Use With :
"Paak Flows In

Soil Conservation Service
Colorado”

Colorado
HYDROLOGY DATA SUMMARY SHEET

Project Hama Location

Compiled by Date Checked by . Date

Basic Data for Determining Veighted Soil Cover
* Complex Number and Percent Impervious Area

Hydrologlic]| {,.4 Use, Troatment . Soil Cover Complex No,
Soil Group and Condition Avea Complex Yo, Times Avea
(Latter) (Acves) (Nymba'y) (Colm. 3uxi)
(1) (2) (3) [0 (83
TOTALS

Weighted Soil Cover Comﬁlex No. is (Total of bol..S) —_
(Total. of Col. 3) o




Te

Cowputation of Tc Using Travel Time -

o Length of Segment (L1)

L1+ L3 +L3+ ...Lnx1

— = Hrs,
Velocity Through Segment (Vi) Vi . V2 Vi Vo 1600 .
Li=Ft. VieFt/Sec.
___ Basin Design Point
L1 (25%) = V1 = . . Type =
13 (503-758) = V3 = ' - Type =
L4 (753-100%) = v = Pype =
Ls ( ) = V5 = : - Type =
Le { ) = V6 = .. Type =
e = + + s “+ +
1.
x 34600 S e HR.
_ Basin " Design Point .
L1 (25%) = Vi=_ - Type =
12 (25¢-50%) = V2= Pype =
L3 (505-75%) = V3= . . Dype =
L4 (755-100%) = vh o= ‘Pype =
LS | } = Ve = . . - Type <
6 ) = V6 = ; ~ Type =
Te = + + + ' + +
- 1 '
x 3600 = HR.




Table 2-L.--Runof( depth in inches for selented CN'é and rainfnall amounts

Rainfall Curve Humber (CH)lf
(inches) -
. 60 65 70 75 80 85 90 95 - 98
1.0 0 0 0 003 0.08 0.17 0.32 .56 .19
1.2 0 ) 003 0.07T 0.15 0.28 0.46 . Th .99
1.h 0 0.02 06.06 '0.13 o0.24 0,39 0.61 . .92 1,18
1.6 0.01 0,05 0.1 0,20 0.34 0.52 0,76 ° 1.1% 1.38
1.8 0.03  0.09 ©.17 0.29 "0.Wh - 0.65° 0.93 1.29 1.58
2.0 0.06 0.1h 0.24 0.38 "0.56 0.80 1.00 1.48 1.71
2.5 0.27 0.30 0,46 0.65 0.80 1.18 1,53 1.96 2,27
3.0 0.33 0.51 0.72 0.96 1.2% 1.59 1.98 2,45, 2,78
4,0, 0.76 1.03 1.33 1.67 2.0 2.4 2.92 3.43 3.7
5.0 1.30 1.65 =2.0h 2.45 2.89 3,37 - 3.88 L2 4,76
6.0 1.92 2,35 2.80 3.28 3.718 U.31 h.85 5.1 5.76
1.0 2.60  3.10 3.62 4,15 4,69 S.,26- 4,82 6.h1 6,76
8.0 3.33 3.90 L.h7T S.0b s5.62 6,22 6.8y T.M0 7,76
9.0 b,30 k72 5.3% 5.95 6.57. 7.19 7.79 B.,Lo - 8.76
10.0 h.90 5.57 6.23 6.B8 7.52 - B.16 8.78 9. 9.76
11.0 5.72 6.4 7.13  7.82 8.48 9.} 9.77° 10.39° 10.76
12.0 6.56 7.32 .8.05 B.76 9.45 10.12 10,76 11.39 11.76

1/ To obtain runoff depths for CN's and othef rainfall dmounts not
shown in this table, use ‘an arithmetic interpolation.
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S0IL SURVEY

TaBLB 6.—Lstimated properties

{An asterisk in the first column mdlcates that at least one mapping unit in the series is made up of two or more kinds of sofl. The soil
for referring to the other series that appear in the first colut

Classification
Depth
Soil series and map symbols from
surface .
USDA texture Unified AASHO
Tncke
*Adena: AaB, AaC, AcC, AcDo . 0-11 | Loam, clay loam, silty clay ML or CL 4 A4 or A-§
For properiies of Colby soils in AcC and AeD, loam. i )
refer to Colby series. 11-60 [ Sitty clay loam, silt loam. .. ... ML or CL: A4 or A-6
Arvada:  AdB . oo 0-4 | Loam, sandy loam. ... ___ SM or ML A—4 or A-2
4-28 | Clay, sandy elay . oo CL or CH AT
28-60 § Sandy loam___________________ SM A-2 or A-¢
*Asecalon:  ArB, ArC, AsB, AsC, AsD, At, AvC.._... 0-21 | Loamy sand, sandy loam, and SM or SC A-2 or A4
Tor s)roperhes of Platner soils in At and Vona sand{ clay loam.
soils in AvC, refer to their respective series. 21-60 | Sandy loam_________.__ ... __ SM A-2 or A4
*Blakeland: BoD, Blo. oo e 0-60 | Loamy sand and sand._________ SP-SMor SM | A-Z or A-3
For properties of Truckton soils in Bt, refer to
Truckton series.
Colby: CbE_ e S 0-60 | Y.oam and fine sdndy loam.....- ML A4
Dacono: DaA, DaB_ o iinan 0-9 | Loam_ .. ________ ML A~4
0-17 | Clay.e e GH AT
17-26 | Sandy clay loam. v crcvuvinan A-4
26-60 | Very coarse loamy sand, sand, SP or SM, 5P- | A-1
and gravel. 8M, or )
GM
Deertrail . . . e 0-9 Very fine sandy loam and loam__} ML " A-4
Mapped only in a complex with Weld soils. -2 F Ol o e CH A
’ 21-60 Sl]ty clay loam and loam______. CL or ML A4 or A-6
Gravelly land-Shale outerop complex: Gr.
Properties oo variable to be estimated.
Gullied land: Gu.
Properties too variable to be estimated.
Heldt: HIB, HID e emeam 0-32 | ClaY e e ek CH A-T
32-60 | Silty clay loam, sandy clay CL A-6
loam.
Loamy altuvial land:
L U 0-60 | Loam, silt loam, and clay loam._] ML or CL A-4 or A-G
LY e e e ——— 0-20 | Stratified loam._ ... ..____._ ML A--d
20-60 | Sand and gravel_____ . ... 8P or GP A-1
Y e e — e n e e ——— 0-36 | Loam, clay, and stratified loam..| ML or CL A-4 or A-$
36| Gravel. o eceeccccrnnncanman GP A-1
Nunn
NEA, NIB e e e 0-9 | Loam and elay loam___.________ ML A-4 or A6
9-23 | Clay.o oL CH ~
23-60 | Loam and silt loam .. __.___..__ CL or ML A4
Nul, NuB. e ma s -9 Clayloam. ..o .. CL A6
9-23 | CIAY e e e CH AT
23-60 Lonm and silk loam .. _oo.o_ ... CL or ML A-6 or A4
Plagner: PiB, PIC o uaur o ccccmcvme e cnaa 0-9 | LORM v o e ML A-4
0-18 1 Clay. oo e CH AT
18-60 | Clay lonm, lonm, and sandy 8SM, ML, or A6 or A-4
) " loam. CL
Renohill: ReB, ReD.._._______ ... .____ 0-9 | Loam and elay loam.......__.__. ML or CL A6
9-28 | Clay and clay loam.. _......... CH AT
28 | Shale and sandstone.
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TasLe 6.—Istimaied properiies .

Classification
Depth
Soil series and map symbols from
surface
USDA texture Unified AASHO
Inches
Tough broken land: Ro.
Properties too variable to be estimated.
#8amsil: SaE, ShF e oo em o D-14 | SHty oY aveccnmacwn s CL or CH - AT
. For properties of Shingle soils in ShF, refer to 14 | Shale.
Shingle series. ;
Sandy stuvial land: Sm.
Properties too variable to be estimated.
Gatanta: SnA, SnB. oo memmon e 0-48 | Loam, elay loam__ ... CL or ML A-8B
48-80 | Fine sandy lonm and loamy M A-2 or A—4
sand.
#Shingle: SFE. oo o emr s omseoo oo 0-12 | Loam. o oo ML A4
For properties of Renohill soils in this unit, refer 12 | Interbedded sandstone and
to Renohill serles. shale.
Stoneham: SiB, StD .- 0-13 | Loam, sandy clay loam ... S8Cor CL A—4 or A5
13-60 | Gravelly loam, gravelly sandy SM A-4 or A-2
Joam.
Passel o o e mwe e sem——— e = 0-18 | Tine sandy loAm . - o ono—o- ML or SM A-4
Mapped only in complexes with Torry, Ulm, and 18 { Sandstone. .
ona soils.
Terrace escarpments: Te.
Properties too variable to be estimated.
‘Teri_y: TeB, TeD, TrE, TsE_ ... e e 0-39 | Loamy fine sand and fine ML and 8SM A4
for properties of Tassel soilsin TrE and TsE, Uim sandy loam. '
soils in TrE, and Vona soils in TsE, refer to 30 | Sandstone.
their reapective series.
Truckton: TiB, TiD, TuB, TuC, TubD_ .. _wn 0-21 | Loamy sand and sandy leam___. SM A-2or A-4
21-00 | Loamy send nadsand__.. oo BSM or BM. 5P A= e A3
Ulm: WB, UIC, WD e mmieme - 0-30 | Loam and clay. oo ovurocaan CL or CH A-6 or A-T
: 30-48 | Clay loam._ __orrocvocnamo CL A-6
48 | Shale and sandstone.
Valent: VaD o oo e e e m e 0-60 Loamglr sand and logmy fine 8M or SM—-SP | A-2 or A-3
: sand. : :
#Yona: YnB, ¥aD, VoA, VoB,VoC,VsD____ ... 0-40 | Loamy sand and sandy leam__._ SM A2 or A—4
For properties of Ascalon svils in VsD, refer to 40-60 | Toamy sand__ oo Lvo-- SM A-2
Ascalon series. ’ )
*Weld: WmB, WeB oo eenrmao 021 | Loam and cloy- oo bomoemooon ML and M  A—4 and A-T
For properties of Deertrail soils in W8, refer to 21-68 | Loam, fine sandy loam, sif CL or ML A-4 or A-G
Deertrail series, loam, and very fine sandy
loam.
Wet alluvial land: WL,
Properties too variable Lo be estimaled.
*Wil%y: WU E e e m—mmm e 024 § Loam and elay loam__.__..___. ML or CL A-4 or A-B
for 2460 | Very finesandy loam_._._ ... ML A-4

properties of Adena and Renohill soils in this
unit, refer to their respective series.

wr
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Soil series and map symbols

Topsoil

olumn indicates that at least one mapping unit in the series is made up

TasLs 7.—Ifngineering

of two or more kinds of soil. The soils in
referring to the other series

Suitabillty as o source of—

Soil features affecting—

Sand and gravel

#Adena: AaB, AaC, AcC, AcD__ -
Tor interpretations of Colby soils in
AcC and AcD, refer to Colby serles.

Arvada: AdB. o Teamme
*psoalon: ArB, ArC, AsB, AsC, AsD, A,
AvC.

Tor interpretations of Flatner soils
in At and Vona soils in AvC, refer
to their respective series.

+Blakeland: BoD, Bl ooCamcomaene-

For interpretations of Truckton soilsin
8t, refer to Truckton series.

Colby: CbE o mrmmmmmmmns

Dacono: DaA, DaB_.___. JET

Deertratl. oo e e
Mapped only in a complex with Weld

soils.

Gravelly land-Shale outerop complex: Gr._

Gullied fand: Gue oo cmmeae

Generally fair but
good in upper 4
inches.

Poor: saline-alkall
clay at a depth
of 4 inches.

Fair to poor:
sandy loam and
loamy sand.

Poor:

i

Fair: very
calcareous.

Generally fair but
good in upper &
inches,

Poor: saline-alkali
soils; clayey
subsoil.

Poor: gravel and
shude.

Poor: evoded
soils su_sccptible

See footnote at end of table.

to arpsiomn,

loamy sand. .

Unsuited: more
“ than 50 percent
fines; no gravel.

Unsuited: more
than 50 pereent
fines; no gravel.

Poor: poorly
graded; 30 to 50
percent fines; less
than 25 percent
gravel,

Good to fair for
gand: bio 15
percent fines; no
gravel,

Unsuited: more
than 50 percont
fines; no gravel.

Good for sand
gglpw 1;1 depth :}:-f
inches; poorly
graded, Good for
gravel below a
depth of 35
inches,

Unsunited: more
than 50 percent
fines; no gravel.

Spotty source of
good gravel;
unsuitable for
sand.

Unsuited: mote
than 50 percent
fines: no gravel

Road fill

Highway location

Fair to poor: A-4

and A-6.

Poor:

Good to fair:  A-2

and A-4.

Good: A-2or

A-3.

TFair: A-4_ . ___.

Fair to poor to a
depth of 36
inches. Good
below a depth of
35 inches; A-1,
A4, and AT,

Fair to poor:
A-4 to A-T,

Fair to poor:
shala and
grave! spots.

Poor:
land.

gullied

Unstable.silty

material below
depth of 10
inches.

Flooding hazard;

plastic soils,

Severe hazard of
soil blowing in
horrow areas.

Severe hazard of

soil ‘blowing in
borrow Areas.

Silty material. ... _.

" Clay and sandy

clay loam to a
depth of 35
inohes; sand and
gravel below a
depth of 35
inches.

Saline-atkali

material.

Steep slopes;

gravel nnd
shale,

Steep slopes;

erodible soils.
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TABLE 7.—Fnginecring
Suitability as a source of— Soil features affecting—
Soil series and map symbols -
Topsoil Sand and gravel Road fill Highway location
Heldt: HIB, BiDL__.__._ ______.____._. Poor: high clay Unsuited: more Poor: A-6and Tlooding hazard;
content; mod- than 50 percent ~ plastie zoils;
erately atkaline, fines; no gravel. high shrink-

VRO

LY e e

L O
.Nuhn:

NIA, NIB.. .

NuhA, NuB..__ . _____.
Platner: PIB, PIC. oo .
Renohill: ReB, ReD__...______...._____

Rough broken Iand: Ro.
Intorpretations too variable to be
estimated,

*Soamsil: Saf, ShF__ ...
For interpretations of Shingle soils in
ShF, refer to Shingle serfes.

Sandy alluvia! land: Sm.
Interpretations too wvariable to be
estimated.

See footnote at end of table,

Generally fair but
good In upper 10
nches,

Generally poor but
good in upper §
mches.

Generally fair but
good in upper 19
inches.

Generally fair but
good in upper 6
inches,

TFair: clay loam____

Generally fair but
good in upper 8
inches.

Fair to good: loam
and clay ioam;
clay subsoil.

Poor: eluy__..____.

Poor: sand and
gravel stratified
with silt,

Good below a depth
of 10 to 20 inches;
water table in
gravel.

Good at a depth of
20 to 40 inches;
seasonal water
table af depth of
about 3 feet.

Unsuited: more
than 50 percent.’
fines; less than 5
percent gravel.

Unsuited: more
than 50 percent
fines; losa than &
percent gravel,

Poor: mors than
50 percent fines;
10 percent sand
and gravel below
depth of 2 or 3
feet.

Unsuited: more
than 50 percent
fines; no gravel.

Unaniled: moro
than 50 percent
fines; no gravel.

Fair to poor: A-4

and A6,

Fair to a depth of
20 inches; A—4;
seasonal high
water table. Good
below depth of
20 inches; A-1.

Fair to poor to a
depth of 36 inches;
A-4 or A-8. Good
below depth of 36
inches; A-1;
seasonal water
table at a depth
of about 3 fect.

Tair to poor: A4
to A-7.

Fair to poor: A4
to A-7.

Fair to poor: A4
bo —

Poor: A-6and A-7.

Poor: A-7_____.....

swell potential,

Subject to flooding. .

High water table;
subject to flooding.

High water table;
subject to flooding.

High shrink-swell
potential; A4
and A-6,

Moderately plastic
materinls; A4,
A~B, and A-T.

Moderately plastic
materials to depth
of 2 or 3 feet.

Modsrately plastic
materials; shale
&nd sandstone ab
depth of 20 to
36 inches.

Biterbedded shinte
and sandstone at
depth of 6 to 20
inches; containa
gypsiferous
layers.
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TaBLE 7—Engineering
. Suitability ax n souree of — Soil features affocting—
{ Soil series and map symbols
Topsoil Sand and gravel Road §il Highway location
Batanta: SnA, SnB_____. . ___________. -Generally {air but Tnsuited: more Poor to a depth of Moderale shrink-
good in upper than 50 pereent 48 inches; A-6. swell potential.
9 inches. fines; no gravel. Fair to good .
bhelow a depth of
48 inches; A-2 or
A-4,
*Shingle!  SrEa. e e Poor: loam at Unsuited: more Tair: A—4; Interbedded un-
¥or interpretations of Renohill soils depth of 10 to 20 than 50 percent limited by sand- stable sandstone
in this unit, refer to Renohill series, inches over shale. fines; no gravel. stone and shale and shale at
: at depth of 10 to depth of 10 to 20
20 inches, irches.
Stoneham: StB, SiD.__________ .. ____ Good to fair: Fair to poor for Fair to good: A-2 Moderate shrink-
loam and sandy sand: 20 to 40 to A-4. swell potential to
clay loam, percent fines; depth of about 1
tess than 25 foot.
percent gravel,
Tassel oo oo Poor: sandstone Poor to unsuited: Fair:  A-4; sand- Trregular topog-

Mapped only in complexes with Terr s
Ulm, and Vona soils. ’

“trace esearpments: Te.._..___________

s

cr%v: TeB, TeD, TrE, TsE

or interpretations of Tassel soils in
TrE and TsE, Ulm seils in TrE,
and Vons soils in TsE, refer to
their respective series,

Truekton: TtB, THD, TuB, TuC, TuD.._...

Ulm: UIB, YIC, UID.- . ...

Valent: VaDo_______ ... _...___..

¥Vona: VnB, VaD, VoA, VaB, VoC, VsD. __
For interpretations of Ascalon soils in
sD, refer to Ascalon series.

2t footnote at end of table.

at depth of 10
to 20 inches,

Good to fair:
sandstone at
depth of 20 to
48 inches

Poor to fair:
sand to sandy
loam.

Generally fair but
good in upper 7
inches,

Paor:

Fair to poor:
loamy sand and
sandy loam.

loamy

loamy sand_ .

stone at depth of

40 to 55 percent
10 to 20 inches.

fines; no gravel,

-] Tair to good: Good to fair: A-1
extremely variable, to A-4,
Poor to unsuited: TFair: A-4._._______
35 to 55 per-
cent fincs; no
gravel.

Fair source for fine

Good: A-2and
sand; no gravel. A-3.

Poor: A-B and

A7,

Unsuited: more
than 50 percent
fines; less than 15
percent gravel.

Fair where fing
sonds are desir-
able; poorly
graded; no gravel.

Good:  A-2 and
A-d.

Good to fair: A-2

and A-4,

Fair source for
sand; no gravel.

raphy; fine-
grained sandstone
at depth of 10 to
20 inches.

Steep slopes

Severe hazard
of soil blowing
in borrow nrens.

Hazard of soil blow-
ing in borrow
areas,

Moderately plastic
materials; shale
and sandstone
below depth of 4
feet.

Severe hazard of
goil blowing in
borrow areas;
low dunes.

Moderate hazard of
s0il blowing in
borrow areas.
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TABLE 7.—Engineering

Boil series and map symbols

Suitnhility as it monrcsn nf—-

Sail fonturea nffonting—

Tonsoil

Sand and gravel

Road (il

Highway location

¥Weld: WmB, WeB
For mterpretatlons of Deertrail soils
in WrB, refer to Deertrail series.

Wet alluvial dand: Wi_________________.

*Wiley: WoE. .. ...

For interf)rct.atlons of Adenn and

Renohill sofls in this unit, refer to
_their respective series.

Generally poor but
good in upper
6 inohes.

Poor to fair:
variable texfure.

Fair: olay loam
below depth of
3 inches.

“Unsuited: more
than 50 percent
fines; no gravel,

Fair to good below
depth of 2 fect,

Unsuited: more
than 50 pereont
fines; no gravel.

Poor to fair: A-4
and A-7.
Poor: water table

at depth of about
2 feet most of
the time,

Fair to poor:‘.
A-4 and A-6.

Moderately plastic
mate}{la;s, A4

Poor drainage;
frequent flooding,

Fair to poor
compaction and
stability; A4

d A-6,

,

1 Degres of, limitation does not consider hazard of pollution to ground water.

LTI

Addltlonal information on the so0ils in the County can be found in
SOLI Survey Arapahoe County,' USDA, SCS, March 1971
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